Figure S1: Process flow diagrams for two methods of fabricating integrated solar fuels devices. Scalable integration of a wide band gap top cell with a monolithic Si bottom cell could be achieved via: (a) patterning a crystalline III-V semiconductor substrate with Au seeds or Cr masks for vapor-liquid-solid growth or dry etching, respectively; (b) fabricating a micro-or nanocone array via vapor-liquid-solid growth followed by chemical etching or dry etching. 1, 2 (c) embedding the micro-or nanocone array in a flexible polymer, and removing it from the substrate for transfer; 1 (d) metallizing the array with catalysts and ohmic contacts on the top-and bottom-facing sides, respectively, for integration with a Si bottom cell. Fabrication of a tandem, core-shell microcone array embedded in an ion conducting membrane could be achieved via: (e) patterning a Si substrate with Cu seeds or Al 2 O 3 masks; (f) fabricating a microcone array as in (b), and coating with an ohmic contact such as indium-tin-oxide; (g) depositing a wide band gap semiconductor via metal-organic chemical vapor deposition, 3 thermochemical conversion from solution, 4 or electrochemical growth, 5 on the surface of the microcone array, leading to a coreshell architecture; (d) infilling the arrays with an ion exchange membrane and peeling from the substrate. The substrate can be re-patterned to reduce material demands.
Stability testing: Results and Discussion
A comparison of the J-E behavior of the device before and after 12 h of chronopotentiometry ( Figure S5a ) revealed that the fill factor degraded during extended operation at negative
potentials relative to open-circuit ( Figure S5b ). Cleaning the device via a 10 s dip in 3:1 (vol) hydrochloric acid and nitric acid, and rinsing with copious deionized H 2 O, restored a substantial fraction of the initial fill factor. The presence of a 4 nm Ti adhesion layer in n + p-Si/Ti/Pt µ-cone array photocathodes did not affect the stability of the catalyst layer. Furthermore, comparisons of SEMs of devices before and after 12 h of continuous testing in 0.50 M H 2 SO 4 (aq) did not reveal changes to the morphology or coverage of the Ti/Pt layer during extended operation ( Figure S6 ).
Thus, the loss in V -10 can be attributed to reduced activity of the thin metal film and not to delamination or loss of catalyst material.
The frequency-dependent impedance response for n + p-Si/Pt µ-cone array photocathodes is plotted in Figure S5c Plot. Semicircles that can be separated by frequency indicate the presence of multiple charge trapping regions which exhibit time constants differing by at least an order of magnitude. 6 Such a response has been reported previously at silicon and hematite photoelectrodes decorated with catalysts. 6, 7 Multiple equivalent circuits can be fit to this response. An unambiguous assignment of the individual capacitances and resistances could be achieved by a systematic variation of doping concentration and catalyst coverages at the devices; this is beyond the focus of the present study. In the high-frequency limit, the impedance contribution from capacitance is minimized such that the total impedance is dominated by the ohmic resistance of the cell, which was ~10 ohms. In the low-frequency limit, the impedance of all capacitances is large. and the real component of the impedance approaches the direct current polarization resistance of the cell.
At all potentials, the polarization resistance was larger than the series resistance. 
